THIS  REPORT  HAS  BEEN  DELIMITED 
AND  CLEARED  FOR  PUBLIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED, 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
^RE  USED  TOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IB  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced!  by 

DOCUMENT  SERVICE  CENTER 


KNOTT  BUILDING.  DAYTON,  2.  OHIO 


ASHA  FILE  COPY 


FroJaot  HR  181-151 


Pinal  Report 
on 


ONR  Contract  Roar-762 (00) 


ARTIGRHIC  ARC  CULTURAL  PROPERTIES  OP  ROGARDU 


lforria  Prank  Shaffer  and  John  Donald  Sohnaidau,  Jr* 


Dapt.  of  lUorobiologp 
Tulaac  University 
Raw  Orlaana  18,  La* 


Best 

Available 

Copy 


INTRODUCTION 


This  projeot  mi  undertaken  beoause  it  was  felt  that  the  existing 
state  of  knowledge  regarding  the  antlgenio  properties  and  relationships 
among  the  desoribed  Hooardia  species , as  well  as  the  possible  relation- 
ships among  Hooardia  and  Hyoobaoterla,  was  inadequate*  It  was  antici- 
pated that  the  study  to  be  undertaken  would  lead  to  a better  under- 
standing of  these  relationships  and  thus  to  improved  knowledge  of  the 
biology  of  the  Hooardia*  It  was  also  hoped  that  oertain  of  the  results 
might  be  of  value  in  solving  the  sometimes  difficult  problem  of  differ- 
ential etiologio  diagnosis  in  human  infeotion  with  aoid-fast  microbes* 
is  indicated  in  the  original  request  for  support,  the  not  unoomnon 
presenoe  of  Hooardia  in  human  tissues  or  produots  may  oreate  oonfusion 
in  diagnosis  and  prognosis,  unless  the  true  nature  of  the  infeoting 
organisms  is  reoognised*  While  some  speoies  are  probably  merely  con- 
taminants or  seoondary  invaders  as  are  saprophytio  myoobaoteria  (e*g«,  1), 
other  speoies  are  undoubtedly  oapable  of  osusing  serious  or  even  fatal 
disease  so  that  their  proper  identification  is  important  (e.g. , 2).  It 
seemed  definitely  worthwhile,  therefore,  to  investigate  the  possibility 
that  suitable  serologio  tests  might  be  developed  which  would  permit  of 
more  rapid  and  aoourate  methods  for  diagnosis* 

As  a preliminary  to  the  serologio  study  it  was  oonsidered  desir- 
able to  carry  out  a comparative  study  of  the  morphologio  and  cultural 
behavior  of  the  respective  mi oro organisms*  fhile  reoent  taxonomio 
classifications  of  Hooardia  include  enumeration  of  these  properties  for 


numerous  speoies  (s*g«,  3,  4)  suoh  summaries  are  of  neoessity  based  at 


leeet  in  part  on  the  original  literature,  made  up  of  artioles  eome  of 
which  describe  only  a single  or  few  speoies*  Certain  of  the  descrip- 
tions are,  moreover,  incomplete  or  inadequate  by  current  standards, 
while  some  of  the  original  type  strains  are  no  longer  available*  For 
the  present  study,  we  endeavored  to  secure  from  various  souroes  in  this 
country  and  Great  Britain  what  we  considered  to  be  a reasonably  repre- 
sentative oolleotion  of  previously  identified  strains  of  Nooardia, 
including  both  saprophytio  and  known  pathogenic  strains*  Ve  also 
seleoted  for  comparative  study  certain  saprophytio  speoies  of  Mycobac- 
teria which  were  available  in  our  laboratory*  The  oolleotion  of  cul- 
tures was  than  examined  for  cultural  behavior  employing  methods  and 
madia  whioh  we  believed  might  yield  data  of  differential  value,  partic- 
ularly sinoe  for  purposes  of  uniformity  the  various  strains  were  inocu- 
lated into  samples  of  a given  batch  of  medium  at  approximately  the  same 
time* 

In  the  aerologio  studies  whioh  followed  the  cultural  work,  an 
effort  was  made  to  propagate  all  of  the  cultures  on  a uniform  sani- 
synthetio  fluid  medium,  free  of  large  molecular  weight  isqpuritiee,  eo 
as  to  avoid  inadverdent  produotion  of  antibodies  to  oonstitusnts  of  the 
medium*  The  medium  seleoted  was  one  whioh  would  support  the  abundant 
growth  of  moat  Hooardla  end  saprophytio  Myoobacteria;  it  would  also  bs 
satisfactory  for  pathoganio  mycobacterial  spaoias  in  oase  we  should  wish 
to  study  the  latter  in  subaequent  phases  of  the  work*  A good  deal  of 
effort  was  expended  in  developing  convenient  methods  for  produotion  of 
su  span  si  one  of  the  miorobes  sufficiently  stable  to  be  used  in  agglutina- 


tion  tests*  Various  teohnios  for  performing  the  agglutination  test 
mere  also  examined  and  it  mas  oonoluded  that  a maoroaoopio  slide  teat 
had  definite  advantages  over  a macroscopic  tube  test  or  a mioroscopio 
slide  test* 

It  mas  hoped  on  the  basis  of  past  experienee  with  other  antigens 
that  ohiokens  mould  prove  satisfactory  in  the  production  of  high-titered 
speoifio  antisera  for  Hooardia  and  indeed  the  preliminary  data  obtained 
with  suoh  antisera  seemed  quite  encouraging.  It  was  only  after  consider- 
able work  had  been  done  that  we  found  many  ohioken  sera  to  be  oapable  of 
agglutinating  Hooardia  suspensions  even  prior  to  experimental  inmuni ca- 
tion of  the  animals,  so  it  was  decided  to  abandon  further  attempts  in 
this  direction  and  to  use  rabbits  instead*  The  individual  rabbits  ware 
seleoted  on  the  basis  of  tests  of  their  sera,  which  were  oolleoted  on 
pre-immunisation  bleeding  and  set  up  against  the  antigen  ahioh  the 
animals  were  expected  to  reoeive  in  subsequent  inoculations* 

Rabbits  with  little  or  no  evidence  of  pre-immunisation  antibodies 
were  found  to  be  satisfactory  for  produotion  of  antisera,  although  the 
dilution  titers  obtained  did  not  in  general  have  high  numerical  values 
and  many  animals  required  multiple  series  of  injections  to  obtain  a 
stable  peak  titer*  Numerous  animals  also  died  during  the  oourse  of 
immunisation  presumably  as  a result  of  the  endotoxie  properties  of  the 
antigenio  preparations* 

Since  it  was  deeided  to  test  all  antisera  simultaneously  with  a 
given  antigen  and  beoause  of  the  unavoidable  delay  in  securing  these 
reagents,  they  were  stored  for  prolonged  periods*  In  the  case  of  the 


antisera  vhioh  were  stored  at  4-5*C  after  addition  of  glyoerin  (39  per 
cent  by  to lime),  suooessive  tests  carried  out  at  intervals  gars  some 
evidenoe  that  the  agglutinating  oapaoity  had  deteriorated*  Other  teoh- 
nioal  f motors,  desoribed  below,  also  gave  some  difficulty  but  were 
believed  overoome  by  the  time  the  project  was  terminated*  In  spite  of 
the  foregoing,  it  is  felt  that  the  serologio  data  presented  are  of  con- 
siderable interest  and  we  feel  that  they  shed  much  light  on  procedures 
to  be  used  in  future  studies  iriiioh  might  be  expected  to  be  of  oven 
greater  value* 

Hotei  Since  the  earlier  literature  oonoeming  serologio  tests,  especially 
agglutination  tests,  with  actinonyoetes  has  been  reviewed  by  Slaok,  Ludwig, 
Bird  and  Canby  (6),  no  attempt  has  been  made  to  analyse  it  in  this  report* 
It  may  be  mentioned,  however, that  mazy  of  the  investigators  used  unidenti- 
fied cultures  of  aerobio  aotinonycetes  or  strains  designated  by  names  whioh 
are  difficult  to  correlate  with  those  in  current  use*  In  some  instances 
work  was  performed  with  only  a few  speoies  and  with  single  strains  of  a 
given  species*  Various  workers  have  netted  serologic  cross-reactions  among 
aerobio  actinonyoetes  and  saprophytic  or  avirulent  mycobacteria,  as  well 
as  low-titered  reactions  between  certain  Hocardia  and  M*  tuberoulosis* 

The  relationships  were  more  readily  demonstrated  by  oomplement-fixation 
than  by  agglutination  tests*  It  seems  fair  to  say  in  summary  that  the 
examination  of  the  problem  of  serologio  relationship  among  Hocardia 
and  Myoobaoteria  is  far  from  oomplete* 
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I.  CULTURAL  STUDIES 
A*  Microbial  Collection  Examined 


The  cultural  oharaoterlstios  of  the  following  epeoiec  and  strains 
were  investigated* 


Culture  Designation 

Obtained  from 

0.S.H 

Nooardia 

H. 

MteroidM 

ATCO  5508 

U*  3«  Army  Med*  Res*  and  Grad*  Sohool 

516 

IV 

it 

H 

9604 

nnitttnnn  it 

512 

« 

n 

tt 

9970 

it  it  tt  tt  tt  it  tt  n 

514 

* 

" strain  512 

Dr*  H*  P*  Conant,  Duke  Univ* 

304 

« 

« 

• 

514 

tt  It  tt  tt  It  It 

502 

it 

• 

It 

e» 

n n it  tt  it  it 

508 

n 

it 

tt 

Henri oi 

Unir*  of  Minnesota 

510 

it 

N 

tv 

Wojik  25  U.S*P*H*S.  Hospital,  Hew  Orleans 

506 

H. 

blaokwellii 

ATCC  6846 

Am*  Type  Culture  Collection 

515 

N. 

oaviae 

It 

6848 

U*  S*  Army  Med*  Res*  and  Grad.  Sohool 

316 

Nm 

oorallina 

VI 

999 

Dr*  R*  L*  Starkey,  Rutgers  Unir* 

371 

K# 

euniouli 

tv 

6864 

Am*  Type  Culture  Collection 

526 

H*  erythropolia 

tt 

4277 

U.  8*  Army  Med*  Res*  and  Grad.  School 

367 

N. 

faroinioa 

IV 

5518 

Dr.  E.  H*  Ludwig,  Htst  Virginia  Unir. 

332 

N. 

globerula 

ft 

9566 

U*  S*  Amy  Med*  Res*  and  Grad*  Sohool 

517 

N. 

intraoellularis  - 

Dr.  H*  P.  Conant,  Duke  Unir* 

350 

H. 

leishmanii 

ATCC 

6865 

Am.  Type  Culture  Collection 

336 

♦ 0*8*N.  ■ Our  serial  number 


e ATCU 


American  Type  Culture  Collection 
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Culture  Designation 
H.  madurae  ATCC  6246 

V*  madurae  - 
V*  maxi  o ana  Waksmsn  18 
" *»  "24 

• w strain  2178 


Obtained  from 
Dr.  B.  H.  Ludvig 

Dr.  V.  7.  Conant , Duke  Unir. 
n n n « n it 

« It  « tt  it  w 

it  it  it  it  n it 


N.  minima  ATCC  8674 

V.  opaoa  " 4276 

V.  paraffine  strain  5410 
H.  paraguayensis  strain  285 
N.  pelletieri  n 295 
N.  polyohromogenes  ATCC  5409 

N.  rangoonensis  " 6860 


U.  8.  Army  Med.  Res.  and  Grad.  School 
nttnttit  tt  n it 

Dr.  R.  L.  Starkey 

Dr.  G.  Ochoa,  Mexico  City 

» it  tt  n tt 

Am.  Type  Culture  Collection 

it  n n tt 


O.S.N. 

556 

555 

526 

522 

524 
509 
519 
562 
507 
506 
570 

525 


Myoobaoteria 
M«  butyrioum 
M.  leprae, strain  Duval 
M.  phlei,  strain  125 
M»  smegmatis 
M.  sterooris 


Tulane  Dept,  of  Miorob. 
n it  n n 

n tt  n it 

It  It  It  tt 

n n n n 


264 

266 

260 

270 

262 
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B*  Methods  of  Study 

Unless  otherwise  speoified  below,  ell  cultures  were  maintained  at 
room  temperature;  this  varied  from  24*  to  32  *C  during  the  period  of  the 
cultural  studies. 

1*  growth  on  Solid  Media 

Each  strain  was  cultured  on  slants  of  the  following  media;  Pai  's 
egg;  4 per  cent  glyoerin  heart-infusion  agar  pH  6*8;  Sabouraud's  agar; 
Csapek's  agar;  3 per  oent  sheep  blood  heart-infUsion  agar;  oarrot  agar; 
brain  heart  infusion  agar;  potato  gluoose  agar;  0*2  per  oent  staroh  in 
gluoose  neopeptone  agar*  The  nature  of  the  growth  was  observed  after 
15  and  26  days* 

Charaoteri stios  which  were  reoorded  included;  production  of  aerial 
mycelium,  pigmentation  of  the  surfaoe  growth,  ability  to  disoolor  the 
medium  (diffusible  pigment),  gross  appearance  and  oonsistenoy  of  the 
growth* 

2*  Slide  Culture 

In  preparing  slide  cultures,  sterile  equipment  and  aseptio  precautions 
were  employed.  Two  capillary  glass  rods  were  plaoed  in  parallel  aoross 
the  oenter  of  a slide,  the  distanoe  separating  the  rods  being  slightly 
less  than  the  width  of  a coverglass*  In  the  oenter  of  the  spaoe  between 
the  rods  a very  small  fragment  of  culture  mass  was  plaoed  and  overspread 
with  a oover glass  which  rested  on  the  rods*  Melted  glyoerin  agar  at 
about  50-56 *C  was  then  pipetted  from  one  side  to  fill  the  spaoe  between 
ooverglass  and  slide  up  to  the  level  of  the  inoculum,  so  that  the  latter 
was  imbedded  Jist  at  its  surfaoe  on  solidification  of  the  medium*  The 


-8 


spaoe  between  the  elide  end  the  edge  of  the  oover glass  was  sealed  on 
three  aides  with  a mixture  containing  equal  parts  of  melted  paraffin 
and  vaseline,  the  side  left  open  being  the  one  opposite  to  that  at 
which  the  agar  had  been  introduced*  The  slide  mount  was  next  placed  in 
a petri  dish  containing  a small  wad  of  moist  cotton  and  the  development 
of  the  culture  was  observed  at  intervals  of  2-3  days  over  a period  of 
2 weeks*  Thereafter  the  coverslip  was  removed;  the  adhering  growth  was 
fixed  with  heat  and  stained  with  orystal  violet,  then  attached  to  a 
slide  with  Peraount*  The  preparations  were  observed  for  the  production 
of  branched  mycelium  and  for  the  degree  to  which  the  latter  fragmented* 

3*  Aold-fast  Staining  Properties 

Smears  were  made  from  cultures  on  glycerin  agar  and  in  broro- thymol- 
blue  (BIB)  milk  medium,  after  10  days  of  cultivation*  The  staining 
solution  and  method  employed  were  those  of  Kinyoun,  thus  eliminating 
the  heating  of  the  preparations)  deoolorisation  was  attempted  by  immer- 
sion of  the  smears  for  10  seoonds  in  either  1 per  cent  EgSO^  solution 
or  in  3 per  cent  HCl  solution*  As  long  as  some  red  microbial  elements 
were  subsequently  seen  on  miorosoopic  examination  of  the  smear,  the 
oulture  was  considered  to  be  acid-fast  although  a distinction  was  made 
between  weakly  and  strongly  acid-fast  varieties* 

4*  growth  at  42*  and  62 *C 

Triplicate  sets  of  cultures  were  made  on  glyoerin  agar,  one  set 
being  subsequently  incubated  at  42 *C  and  a seoond  at  52 *C  while  a third 
set  was  kept  at  room  temperature  to  oheok  on  the  viability  of  the  inooulum* 
Cultures  were  observed  at  intervals  over  a 16-day  period* 
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6*  Paraffin  utilization 

Czapek’s  fluid  medium  (without  added  sugar  and  containing  ammonium 
nitrate  as  the  sole  source  of  nitrogen)  was  inooulated  by  emulsifying 
a small  particle  of  growth  (from  a glyoerin  agar  slant)  against  the  wall 
of  the  tube  at  the  level  of  the  upper  air -fluid  interface*  K glass  rod 
ooated  with  sterile  paraffin  was  then  inserted  into  the  tube  so  that  a 
length  of  at  least  one  oentimeter  of  the  paraffin-ooated  portion  remained 
above  the  surface  of  the  medium*  The  cultures  were  observed  for  evidenoe 
of  growth  at  intervals  of  16  and  30  days  respectively* 

6*  Starch  Hydrolysis 

Each  strain  was  inoculated  by  streaking  down  the  o enter  of  the  surface 
of  2 long  thin  slants  of  neopeptone  gluoose  agar  oontaining  0*2  per  cent 
soluble  starch*  One  set  of  oul tores  was  tested  after  10  days*  the  seoond 
set  after  25  days*  by  pouring  7-8  drops  of  Oram's  iodine  solution  over 
the  surfaoe  of  ihe  slant  and  reading  after  a 5-minute  interval  of  standing* 
With  diastatio  strains*  the  medium  showed  no  trace  of  the  oolor  which  would 
be  seen  if  starch  were  still  present;  with  non-diastatio  strains  a pur- 
plish to  blue-block  oolor  developed  almost  at  onoe  over  the  entire  sur- 
faoe of  the  medium* 

7.  Nitrate  Reduction 

Two  sets  of  cultures  were  prepared  on  nitrate  agar*  one  being  tested 
at  the  end  of  10  days  and  the  other  after  30  days*  The  sulfanilio  acid 
and  dimethyl -alpha- naphthyl  amine  reagents  were  each  added  in  0*5  ml 
quantities  and  the  tubes  were  shaken  to  assure  wetting  of  the  surfaoe  of 
the  slant*  The  test  was  read  after  allowing  the  tubes  to  stand  for  5 
minutes*  flhere  only  a faint  traoe  of  pink  developed  in  the  surfaoe  of 
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the  medium  with  no  oolor  in  the  reagent,  the  reaotion  was  considered 
doubtful*  Positive  reactions  were  graded  +,  ++  and  ♦++  based  on  the 
increasing  intensity  of  the  oolor* 

8«  gelatin  Liquefaction 

In  oool  weather  the  nutrient  gelatin  medium  was  first  liquefied  by 
plaoing  the  tubes  in  warm  water  prior  to  inoculating)  in  hot  weather  this 
was  unnecessary*  The  inoculum,  derived  from  a stook  glycerin-agar  slant 
culture , was  thoroughly  distributed  throughout  the  medium  which  was  put 
up  in  Wassermann  tubes*  At  intervals  of  14,  30  and  40  days  respectively 
the  tubes  were  placed  in  the  oold  room  (at  4-5*C)  for  2 hours  and  observed 
there  for  persistent  liquefaction*  It  was  noted  that  when  liquefaotion 
occurred  it  was  always  evident  by  the  30th  day  so  that  incubation  for 
a longpr  period  was  not  neoessary* 

9*  Action  on  Brom-thymol-blue  Milk 

Brom-thymol-blue  was  chosen  as  the  indicator,  partly  beoause  its 
range  of  color  change  with  varying  pH  extends  on  both  the  aoid  and 
alkaline  side  of  neutrality  and  partly  because  it  was  noted  in  preliminary 
tests  that  litsus  was  reduced  to  a odorless  form  during  growth  of  the 
Hooardla  whereas  BTB  was  not  so  affected*  The  inoculated  medium  was 
observed  after  intervals  of  10,  15,  30  and  50  days  respectively)  evidenoe 
of  pH  change  and  other  encymatio  action  were  sought.  Clearing  of  the 
turbidity  of  the  milk  was  considered  to  indicate  peptonisation*  Later 
experiments  have  shown  that  this  effect  oaa  be  muoh  more  readily  demon* 
strated  by  growing  the  organisms  on  agar  slants  containing  milk,  instead 
of  in  fluid  milk* 
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Table  !•  (continued) 

Summary  of  Certain  Cultural  Properties  of  Strains  of  Nocardia  and  Ifrcobacteria 
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10#  Carbohydrate  Fementatlon 

The  following  oarbohydrates  were  added  in  1 per  cent  concentra- 
tion to  serum  broth  (pH  7*0)  containing  BTB  as  indicator;  glucose, 
maltose,  lactose,  sucrose,  galaotose,  arabinose,  maanite,  raffinose, 
rhamnose,  xylose  and  ixrnlin*  Sets  of  tubes  oontaining  the  above  media 
were  inooulated  for  eaoh  strain  and  observed  for  aoid  production  at 
intervals  up  to  50  days* 

11.  Hemolysis 

Plates  of  3 per  cent  sheep  blood  heart-infusion  agar  were  inooulated 
for  eaoh  strain  and  examined  at  intervals  over  a period  of  3 weeks  for 
evidenoe  of  zones  of  hemolysis* 

C.  Experimental  Results 

The  data  on  the  cultural  tests  mentioned  above  are  sunmarized  in 
Table  I*  A few  remarks  on  some  of  the  findings  seem  worthy  of  mention* 

1*  Characteristics  of  Growth  on  Solid  Media 

a)  Aerial  mycelium  - When  the  various  cultures  were  examined  for  production 
of  aerial  myoelium  (the  development  of  a white  fuzzy,  chalky  or  powdery 
surface  on  the  growth) , all  the  strains  of  N.  asteroides  were  found  to  do 
so  to  some  extent  but  this  varied  with  the  media  on  which  they  were  grown* 
The  3 strains  of  H*  mexioana  also  produced  aerial  myoelium  on  most  media* 
Other  strains  of  Hooardia  were  variable;  some  (strains  with  a soft  pasty 
or  yeast-like  type  of  growth)  did  not  produoe  an  aerial  myoelium  on  any 
of  the  media,  as  was  true  also  for  the  5 strains  of  Mycobacteria* 

IBiile  growth  on  potato  glucose  agar  and  Sabouraud ' s agar  was  usually 
likely  to  show  evidenoe  of  aerial  myoelium,  the  most  consistently  positive 
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re  suit  8 were  secured  with  star oh  agar* 

The  ohsenration  that  several  Nocardia  strains  did  not  form  aerial 
myoelium  on  any  of  the  media  which  were  used  might  be  explained  either 
on  the  basis  of  the  loss  of  this  ability  by  the  microorganisms  on  pro- 
longed maintenance  in  the  laboratory  or  on  a deficiency  in  the  substrate* 
Other  workers,  however,  have  made  similar  observations  and  it  w>uld 
appear  that  Nooar dla  strains  or  speoies  vary  inherently  in  their  ability 
to  produoe  a well-developed  gross  aerial  myoelium  (3)*  In  any  ease,  the 
characteristic  is  too  variable  to  be  aooeptable  as  a prime  oriterion 
for  differentiating  Nooardia  from  Myoobaotoria* 

Myoobaoterla 

b)  Pigment  production  - This  is  a characteristic  of  Nooardia  whioh  (as 
for  other  miorobes)  varies  with  temperature;  the  pignetrt  produced  in  the 
growth  at  42  °C  was  noted  to  be  much  paler  than  that  produoed  at  room 
temperature*  The  intensity  of  the  pigment  also  varied  with  the  medium, 
although  the  basic  oolor  remained  fairly  oonstant*  AH  strains  of  N* 
ast oroides  produoed  growth  exhibiting  some  shade  of  yellow  or  orange 
pigment;  other  Nooardia  also  produced  similar,  and  oooasionally  red, 
pigments*  Still  other  strains  of  Nooardia  produced  only  cream,  buff  to 
brown  pigments  and  never  yellow,  orange  or  red*  The  jroduotion  of  the 
buff  to  brown  pigment  appeared  to  be  correlated  with  lack  of  acid-fastness 
and  failure  of  the  mycelium  to  fragment*  Because  of  the  wide  range  of 
oolors  it  was  difficult  to  draw  a sharp  line  of  demarcation  between 
oolor  groups* 

Disooloration  of  the  medium  appeared  to  be  a variable  characteristic, 
depending  not  only  on  the  particular  strain  of  a given  Nocardia  speoies 
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but  also  to  some  extent  on  the  substrate  used  for  cultivation*  The 
Myoobaoteria  did  not  disoolor  the  media  on  which  they  were  grown* 

It  was  oonoluded  that  pigment  production  is  probably  of  limited 
value  in  identification  but  should  be  oorrelated  with  other  activities* 
o)  Consistency  of  growth  - This  varied  from  a soft,  pasty,  baoteria-like 
growth  (e*g*,  N*  oorallina,  N.  globcrula)  to  a very  firm,  leathery,  almost 
rigid  turf  (some  strains  of  N*  asteroides  and  others)*  In  between  these 
two  extremes  there  was  almost  every  possible  intermediate  oondition  so 
that  it  was  extremely  difficult  to  make  any  separation  into  groups  on 
the  basis  of  growth  oonsistenoy  alone*  The  consistency  varied  with  the 
medium  used*  It  was  felt  that  the  use  of  growth  consistency  as  a basis 
of  separating  groups  should  be  avoided* 

2*  Growth  in  Slide  Culture 

When  the  Kooardia  were  grown  in  slide  culture  a reoognisable  true 
mycelium  was  usually  observed  to  develop  and  to  creep  out  onto  both 
glass  surfaoes  ahead  of  the  fragmented  portion*  The  only  exception 
among  all  the  Mooardia  strains  studied  was  N*  intraoellularis  in  whioh 
fragmentation  was  so  complete,  even  in  young  cultures,  that  no  mycelium 
could  be  reoognised*  Among  the  remaining  Kooardia  strains  fragmenta- 
tion varied,  some  persisting  unfragmented  regardless  of  the  age  of  the 
culture j with  other  strains,  although  fragmentation  was  usually  complete 
in  old  cultures  one  oould  see  (out  near  the  tip  of  the  growth)  bacillary 
elements  still  in  the  position  originally  occupied  by  the  unfragmented 
filament  and  its  branohes.  Submerged  growth  was  commonly  seen* 

The  Hyoobaeterla  whioh  were  studied  in  slide  cultures  showed  only 
a packed  mass  of  bacillary  elements*  there  was  no  submerged  growth* 
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Si  Acid-fastness 

All  strains  of  H*  asteroldss  studlsd  showed  sons  degree  of  aoid- 
fastness  although  considerable  variation  existed  among  them  and  they  were 
in  general , more  acid-fast  after  being  grown  in  milk  than  on  glyoerin 
agar*  Among  the  other  species  studied  many  were  not  at  all  acid-fast. 
Those  forms  that  showed  fragmentation  of  the  nyoelium  were  aoid-fast, 
with  the  exoeption  of  one  strain*  All  strains  that  did  not  fragment 
were  also  non-acid- fast,  Sinoe  aoid-fastness  appears  to  vary  with  the 
type  of  medium  used  and  the  method  of  staining,  it  should  probably  not 
be  used  as  a primary  oharaoteristio  in  identification  exoept  when  car- 
ried out  with  adequate  consideration  of  these  factors* 

4*  Growth  at  48*  and  68 *C 

In  nearly  all  oases  where  growth  occurred  at  the  higher  temperatures 
it  was  quite  definite  and  easily  observed,  in  some  instanoes  being  oven 
more  profuse  than  at  room  temperature*  It  was  of  interest  that  itiile  all 
8 strains  of  H*  asteroldes  grew  well  at  48*C,  none  of  the  8 K«  mexioana 
strains  were  oapable  of  doing  so.  The  other  Hooardla  differed  similarly 
in  their  ability  to  grow  at  42*C*  Only  8 of  the  total  collection  of  89 
Hooardia  strains  oould  grow  (poorly)  at  68*  whereas  all  6 saprophytio 
Mycobacterium  apeoies  grew  well  even  at  the  higher  temperature* 

6*  Paraffin  Utilisation 

Then  proliferation  ooourred  it  developed  only  on  the  surfaoe  of  the 
paraffin  at  and  just  below  the  surfaoe  of  the  fluid  medium,  forming 
around  the  rod  a band  8-4  ns*  wide*  Growth  did  not  ooour  in  the  depths 
of  the  medium  end  no  pelliole  was  produced* 
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Host  of  the  strains  examined,  both  Hooardia  and  Myoobaoteria, 
oould  utilise  paraffin*  There  eras  no  oooplete  oorrelation  between  this 

I 

capability  and  other  activities.  The  4 Hooardia  strains  whioh  were  | 

unable  to  utilise  the  hydrooar bon  substrate  were  completely  or  nearly 
non-aoid-fast,  but  other  non-acid-fast  speoies  did  grow  well  on  this 
material* 

/ 

6*  Starch  Hydrolysis 

Apart  from  four  non-aoid-fast  Hooardia  strains  whioh  proved  to  be 
diastatic,  the  great  majority  of  Hooardia  and  the  5 mycobacterial  speoies 
did  not  give  evidence  of  suoh  activity* 

7*  Nitrate  Reduction 

This  property  appeared  to  be  variable  in  occurrence  and  degree  and 

i 

without  apparent  relationship  to  other  characteristics  of  the  strains* 

8*  Gelatin  Liquefaction 

light  of  the  10  non- acid- fast  strains  of  Nooardia  were  capable  of 
liquefying  gelatin  while  most  of  the  acid-fast  Hooardia  and  Mycobacteria 
did  not  do  so*  There  was  however  no  absolute  oorrelation  between  these 
oharaoteristios*  j 

9 • Behavior  in  MB  Milk 

! 

Growth  of  most  of  the  Hooardia  strains  in  this  medium  resulted  in 
either  an  alkaline  reaction  or  no  change  in  the  indicator;  only  2 strains 
produced  aoid*  The  3 strains  of  H*  maxicana  and  3 other  (non-acid-fast)  ; 

Hooardia  strains  peptonised  the  milk*  Hone  of  the  Myoobacterlum  cul- 
tures gave  evidenoe  of  peptonisation;  one  produced  an  acid  reaction* 

i 

I 

? 

j 
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10.  Carbohydrate  Fermentation 

The  Mycobacteria  and  moat  of  the  Hooardia  showed  little  or  no  fer- 
mentative activity  when  grown  in  the  presenoe  of  various  carbohydrates 
commonly  used  in  baoterlologio  work*  Maltose,  sucrose,  arabinose  and 
lnulin  were  not  fermented  by  any  of  the  strains  tested*  Four  of  the 
29  Hooardia  strains  effected  oolor  changes  in  the  media  suggesting  that 
they  might  have  produced  acid  from  certain  of  the  substrates  and  these 
strains  were  all  non- acid-fast.  The  oarbohydrates  apparently  fomented 
varied  from  one  strain  to  another  and  did  not  seem  to  fit  with  any 
obvious  pattern.  The  possibility  is  not  exoluded,  however,  that  the 
four  strains  might  have  reduced  the  BTB  indicator  and  concomitantly 
have  produoed  a yellow  to  brown  soluble  pigment.  This  point  requires 
further  oheoking. 

11.  Hemolysis 

A few  speoies  of  Nooardia,  all  of  them  non-aoid-f ast , produced  sones 
of  hemolysis  on  sheep  blood  agar*  All  of  the  acid-fast  speoies,  as  well 
as  a few  non-aoid-fast  varieties,  were  non-hemolytio  under  the  experi- 
mental conditions* 


II*  SEROLOGIC  STUDIES 
A*  Preparation  of  Reagents 

1.  Propagation  of  Cultures  on  "Standard"  Medium 

In  an  attempt  to  oultivate  all  the  strains  on  a uniform  semi -synthetic 
fluid  medium  which  itself  would  be  free  of  antigenic  components,  a modi- 
fied Long-Seibert  medium  was  prepared  and  distributed  in  quantities  of  150 
ml*  in  1-liter  Florenoe  flasks  rnhioh  were  plugged  with  ordinary  non- 
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abiorbsnt  ootton  and  sterilised  by  autoclaving.  The  composition  of 
the  medium  was  as  follows! 

Casamino  aoids  (Difco) 

Asparagin 

Potassium  aoid  phosphate 
Sodium  oarbonate  (anhydrous) 

Sodium  ohloride 
Magnesium  sulfate 
Ferrio  ammonium  citrate 
Qlyoerin 
Distilled  water 

For  each  strain,  six  flasks  were  inoculated  by  tilting  to  expose 
the  bottom  on  lAiidh  was  emulsified  (with  a spatula)  a bit  of  10-day 
growth  from  glyoerin  agar  slants*  The  flask  was  then  slowly  returned 
to  the  upright  position,  allowing  the  inooulum  to  float  on  the  surface 
of  the  fluid*  By  the  end  of  SO  days  at  room  temperature  an  abundant 
wrinkled  waxy  growth  was  present  on  the  surfaoe  of  the  clear  medium* 
Contamination  was  infrequent,  but  if  present,  it  was  detected  by  the 
following  checks*  a)  observation  of  the  medium  for  cloudiness,  or 
disorete  surfaoe  oolonies  (of  adventitious  fungi)}  b)  streaking  of  an 
aliquot  from  each  flask  on  a plate  of  blood  agar  and  incubation  of  the 
latter  at  5?*C  for  2 days,  followed  by  1 week  at  room  tenperature}  o) 
examination  of  plates  of  Littman*  a oxgall  agar  which  had  been  streaked 
with  an  aliquot  from  each  flask  and  inoubated  1 week  at  room  temperature* 
The  identity  of  the  waxy  miorobisl  pellicle  on  the  fluid  medium  was  fur- 
ther oheoked  by  transferring  to  glyoerin  agar  slants  some  of  the  typioal 


10  pn* 
0*5  gnu 
3*0  gm» 
3*0  gnu 
2*0  gnu 
1*0  gnu 
0*05  gm* 
40*0  ml* 
1000  ml. 
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growth  recovered  on  the  blood  agar  plate,  then  comparing  the  gross 
cultural  characteristics  of  the  resultant  oulture  with  those  of  the 
strain  employed  as  the  original  inoculum* 

For  each  strain,  the  unoontaminated  fluid  cultures  were  shaken  and 
pooled  in  a 4-liter  flask*  Phenol  was  added  to  0*5  per  oent  final  con- 
centration and  the  mixture  stored  at  4*C  for  5 days,  after  which  the 
oontents  of  the  flask  were  filtered  through  sterile  filter  paper*  Of 
the  filtrate*  all  but  100  ml  (which  was  stored  in  a sterile  bottle  at 
4*C)  was  disoarded* 

Four  strains  (H*  asteroids  a OSH  304,  N*  blaokwellii  OSN  313, 

H*  madurae  OSH  333  and  N*  opaoa  OSH  319)  grew  very  slowly  on  the  fluid 
medium  employed  and  produced  suoh  scant  growth  that  it  was  decided  to 
propagate  them  on  solid  substrate  in  order  to  obtain  sufficient  material 
for  antigen  preparation*  Good  growth  was  obtained  on  the  modified  Long- 
Seibert  medium  solidified  by  the  addition  of  2 per  oent  agar*  The  result- 
ant miorobial  mass  was  harvested  (by  simply  soraping  it  off  the  surfaoe 
of  the  slant)  and  thereafter  processed  in  the  same  manner  as  the  growth 
harvested  from  the  fluid  medium  following  the  filtration  procedure  men- 
tioned above* 

2*  Preparation  of  Antigen  Suspensions 

Unstandardized  antigen  suspensions  were  prepared  for  each  of  the 
following  strains  of  organisms* 


19- 


O.S.N. 

302 

Speoies 

No card! a asteroid® « 

304 

ft 

tt 

306 

ft 

ft 

306 

ft 

tt 

310 

ft 

tt 

312 

it 

tt 

314 

n 

tt 

316 

tt 

tt 

322 

» 

mexicana 

324 

tt 

It 

326 

tt 

tt 

309 

tt 

313 

»t 

blaokwellii 

316 

it 

caviae 

317 

tt 

globerula 

319 

tf 

opaoa 

323 

tt 

r&ngoonensis 

325 

tt 

ouniculi 

330 

ft 

intracellularia 

332 

tt 

farcinioa 

333 

tt 

madurae 

336 

ft 

leisfamanii 

362 

ft 

paraffinar 

370 

it 

polychromogenes 

371 

tv 

coralline 

260 

Mycobacterium  phlei 

270 

It 

smegmatis 

O.S.H. 

Cultural  Designation 

Obtained  from 

318 

Nooardia  aateroides 

undetermined  source 

320 

tt 

tt 

1441 

Dr.  A*  Kligman,  Univ*  of  Penna. 

342 

tt 

ft 

A402 

USPHS  Communicable  Disease  Center 

346 

tl 

tf 

A343 

n n it  it 

348 

tt 

ft 

A144 

n it  n n 

360 

tt 

tt 

A267 

n it  n it 

362 

ft 

tt 

80-Henrici  4139  " w " • 

354 

tt 

n 

2001 

Dr.  S.  Salvin,  USPHS,  Rocky  Mt.  Lab* 

356 

tt 

tt 

m 

Dept.  Vet.  Path*,  Ohio  State  Univ, 

(isolated  from  dog) 

334 

tt 

aalmonioolor 

Dr.  D.  Erilcson,  Ragland 

101 

Streptonyoea  griseus  ATCC3326A  Am*  Type  Culture  Collection 

102 

ft 

lavendulae  ATCC8664 

ft  ft  tt  ft 

103 

ft 

veneauelae  ATCC10596 

tt  tt  ft  tt 

-20' 


The  strains  listed  above  the  double  line  ere  the  same  strains  on  whioh 
the  cultural  studies  described  in  part  I were  oarried  out*  The  strains 
listed  below  the  double  line  were  received  much  later  and  no  cultural 
studies  had  been  done  on  this  group*  This  latter  group  of  organisms 
was  also  reoelved  subsequent  to  the  completion  of  the  inmunixation  pro- 
cedures so  that  no  antisera  were  prepared  against  them*  The  antigens 
prepared  from  these  strains  were  however  standardised  and  later  checked 
against  available  antisera* 

The  harvested  microbial  mass  derived  from  either  fluid  or  solid 
medium  was  now  treated  to  obtain  a dense  (unstandardised  antigen)  sus- 
pension as  follows*  The  solid  growth  was  transferred  to  a sterile  mor- 
tar and  was  manually  ground  with  the  aid  of  a pestle  and  an  equal  volume 
sterile  washed  Hi-Flo  Superoel  which  was  added*  To  the  resultant  homo- 
geneous paste  was  added  enough  phenolised  saline  diluent  (0*16  M sodium 
ohloride  solution  buffered  at  pH  7*2  - 7*4  with  0*025  M potassium  phos- 
phates and  containing  0*2  per  oent  phenol  plus  0*1  per  oent  bile  salts 
(Difoo)  to  make  a semi-fluid  but  easily  flowing  suspension*  The  latter 
was  passed  twice  through  a Wood-Werlanaa  cone  mill*  and  thereafter  diluted 
sixfold  with  the  phenolised  saline  diluent*  The  diluted  suspension  was 
next  spun  10  minutes  at  500  rpm  on  the  horisontal  head  of  a centrifuge, 
in  order  to  sediment  the  abrasive  as  well  as  gross  particles  of  the 
antigen*  The  deposit  was  discarded,  the  supernate  (unstandardized 
antigen  suspension)  was  transferred  to  sterile  stoppered  bottles  and 
was  stored  at  4-5 *C  until  needed* 

* Kindly  made  available  by  Or*  A*  0*  C*  White  of  the  Tulane  Dept*  of 
Bioohemistry* 
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It  should  be  pointed  out  that  in  the  early  stages  of  the  work 
attempts  were  made  to  prepare  the  suspension  simply  by  grinding  with 
saline  in  a mortar  but  without  the  addition  of  abrasive*  This  proved 
unsatisfactory,  in  terms  of  the  laok  of  uniformity  and  stability  of 
the  microbial  partioles,  so  the  use  of  the  Wood-Werkman  oone  mill  was 
tried*  Even  with  this  apparatus  it  was  found  6 ffioult  to  prepare 
satisfactory  homogeneous  suspensions  until  the  use  of  Hi-Flo  Super  cel 
(Johns-Manville  Co*)  was  adopted*  "With  the  aid  of  the  abrasive,  stable 
suspensions  were  secured  and  all  of  the  antigens  used  below  were  prepared 
in  the  manner  described  above*  In  the  latter  stages  of  our  work,  it  was 
found  that  satisfactory  suspensions  oould  be  prepared  by  simply  grinding 
-the  microbial  mass  in  a mortar  with  Superoel  and  eliminating  the  stage 
of  secondary  grinding  in  the  oone  mill* 

For  the  production  of  antisera,  unstandardized  antigen  suspensions 
were  injected*  After  the  immunization  prooedure  was  oompleted  and 
before  being  used  for  agglutination  tests,  all  antigens  were  matched 
against  a selected  optical  density  standard  and  adjusted  to  give  a sus- 
pension equivalent  in  turbidity  to  a suspension  of  B*  coli  containing 
9 

4*05  x 10  organisms  per  ml* 

5*  Preparation  of  Antisera 

Prior  to  inmuni cation  of  all  animals,  40  ml*  of  blood  was  withdrawn 
by  oardiao  punoture  and  the  serum  was  stored  for  later  use  as  a oontrol 
reagent*  All  blood  taken,  t4i ether  pre-or  post-immunization^  was  defibrin- 
ated  with  glass  beads  and  the  serum  then  separated  by  oentrifugation*  As 
a preservative  o*p*  glyoerin  (pH  7*2,  adjusted  by  the  addition  of  sodium 
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hydroxide)  was  added,  one  part  by  volume  to  two  parts  of  serum*  The 
glycerinated  serum  was  stored  in  sorew-oap  glass  bottles  at  4-5*C*  A 
preliminary  determination  of  the  titer  of  each  antiserum  was  made  immodi- 
atly  after  it  was  secured,  according  to  the  following  procedure*  A series 
of  doubling  dilutions  of  both  pre-  and  poat-inmunization  serum  were  made 
in  buffered  saline,  ranging  from  It  10  to  It  160*  Two  parallel  rows  of 
squares  having  been  ruled  off  with  crayon  on  a glass  plate,  one  drop  of 
eaoh  dilution  was  placed  in  squares  arranged  so  a given  dilution  of  pre- 
immunization  (control)  serum  was  ad jaoent  to  the  similar  dilution  of 
hyper-immune  serum*  To  each  drop  of  serum  was  added  one  drop  of  unstand- 
ardized undiluted  homologous  antigen«  The  plate  was  plaoed  on  a Yankee 
rotator  (Clay-Adams)  and  rotated  in  the  horizontal  plane  to  ISO  R*P*U* 
for  5 minutes*  The  mixtures  were  then  examined  for  evidence  of  easily 
recognized  gross  agglutination,  holding  the  plate  over  a fluorescent 
light*  Agglutination  requiring  inspection  with  a hand  lens  for  recogni- 
tion was  not  considered  as  positive  in  the  readings* 

It  was  first  decided  to  try  ohiokens  as  a source  of  antibody  to  the 
Nocardia*  Ten  chickens  were  used,  eaoh  being  immunized  against  a dif- 
ferent strain  of  N*  asteroides*  Bach  ohioken  was  given  2 ml*  antigen 
intravenously  and  2 ml*  intraperitoneally,  at  5-day  intervals  for  a 
total  of  4 inj» otions*  Following  a week's  rest,  eaoh  chicken  was  bled 
for  titer  oheek  and  the  series  of  injections  was  then  repeated  until 
eaoh  ohioken  had  received  a total  of  three  series  of  inooula  tions. 

After  the  first  titer  oheek  it  booaae  evident  that  ohiokens  would  be 
unsatisfactory  for  use  with  the  Nocardia*  In  all  but  one  of  the  sera 


obtained,  the  pre-immunization  specimen  agglutinated  the  antigen  to  the 
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sane  titer  as  the  poet •immunization  samples*  In  some  oases  the  agglu- 
ti nation  in  the  pre-immunization  serum  was  stronger  than  in  the  post* 
immunization  sample*  It  was  therefore  deoided  to  use  rabbits  for  the 
production  of  antibody* 

For  eaoh  strain  or  speoies  used  as  antigen,  2 rabbits  were  employed* 
Beoause  of  limited  faoilities  in  the  animal  house,  immunization  eould  not 
be  carried  out  against  more  than  8 to  10  strains  at  any  one  time*  This 
had  oertain  drawbacks , since  by  the  time  the  last  group  of  immunizations 
was  completed  the  sera  obtained  from  the  first  group  were  over  a year  old* 
Variations  in  the  quantity  of  inooulum  and  route  of  inoculations  were 
tried  in  the  different  groups  of  rabbits  used*  On  eaoh  oooasion  of  in* 
j action  the  vaooine  was  given  either  intravenously  only,  or  both  intra- 
venously and  intraperitoneally;  the  interval  between  successive  injec- 
tions in  a given  series  varied  from  4 to  7 days*  The  quantity  admin- 
istered by  either  route  varied  in  different  series  from  3 to  10  ml*j  in 
a given  series,  vaccine  was  injected  on  3 to  10  oooasions*  The  animals 
were  bled  7 days  after  the  last  injection  in  each  series*  Each  animal 
received  1 to  3 series  of  injeoticns,  depending  on  the  promptness  with 
add. oh  antibodies  were  produced* 

The  results  may  be  sunmarized  as  follows* 
a)  Hhen  a given  antigen  was  administered  to  a pair  of  rabbits,  Ihe  response 
observed  was  generally  similar  in  rate  and  degree*  In  many  instances 
the  serum  of  both  animals  showed  similar  titers  or  titers  varying  by 
not  store  than  1 or  2 doubling  dilutions,  when  bleedings  were  taken  at 
the  same  time*  In  other  oases,  the  serum  titer  in  one  rabbit  of  a pair 
was  significantly  lower  after  the  first  series  of  injeoticns  but  when  the 
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hyper*  immunisation  was  continued  similar  level J 
second  or  third  series* 

b)  Certain  antigens  stimulated  an  antibody  res(| 
la  both  rabbits  after  the  first  series  of  injsejj 
strains  no  agglutinins  were  deteoted  even  after 


mre  attained  alter  the 

whioh  was  demonstrable 
I'l  ‘-'a,  while  with  a few 


‘ third  series*  For 

messy  strains  two  series  of  injeotions  were  requiA  . , ... 

* ‘4  «**  produotion  of 

waitable  titers,  but  there  was  little  difference  A+  a. 

^brtrwsej*  the  titers 

attained  at  the  conclusion  of  the  seoond  and  thir 


aer-i  os* 


o)  The  titers  attained,  as  measured  by  the  proofs.- 
high}  they  ranged  fi*om  1*10  to  1*320,  with  mars;  sar^ 


i?  employed,  were  not 


•howing  titers  of 
gained  idiioh 

I 

wred,  number  of 
lotions* 


1*40  to  1*180* 

d)  No  consistent  difference  was  noted  in  the  rti suits  ol^ 
could  be  attributed  to  the  quantity  of  vaos’i.s^  adminj 
injections,  route  of  injections  or  interval  between 

B*  prooedure  for  Performing  Agglatinati 

As  in  the  preliminary  determinations  of  hoaologou 

/filter  (see  above), 

the  comparative  tests  were  carried  out  on  gl&?  n plates  IF 

ll  B*  x 10n)  ruled 

off  with  wax.  pencil  into  six  longitudinal  rows  ©f  .fiw 


inimunixation  (control)  serum  dilutions  were  added  to  tH 
of  each  adjacent  pair  of  rows,  dilutions  of  post-ds***..-.; 


\ squares  each*  Pre- 
[e  squares  in  one 


’JiXvkioa  serum  from 
jd  row  of  the  pair; 

thus  three  different  antigens  could  be  tested  at  the it 

i same  time  on  a given 

/ 

{ ;ion  and  nearby  0*05  ml 

/ 

/attached  to  a tuber - 


the  sane  animal  were  added  to  the  squares  in  the 


plate*  Each  square  received  0*03  ml  of  a serum  dilu 
of  an  «®:tig«*a,each  measured  from  a 20  gauge-needle 


ouliii  syringe  (0*25  ml  eapaoity)  graduated  in  dirt/ 


lions  of  0*01  ml*  flben 
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all  the  various  reagents  had  been  dispensed  on  the  squares  of  the  plats, 
the  antigen  and  serum  dilutions  were  mixed  with  a wire  and  the  plate  was 
set  on  the  horizontal  rotator  run  at  ISO  R.P.M.  for  5 minutes*  The  plate 
was  then  removed,  held  above  a fluorescent  light  and  examined  for  gross 
agglutination*  Our  methods  thus  differed  from  those  used  by  Ludwig, 

Slack  and  their  collaborators  (5,  6)  who  within  the  past  several  years 
have  also  been  engaged  in  studies  on  serologic  relationships  among  actino- 
myoetes* 

All  comparative  tests  were  oarried  out  with  standardized  antigen 
suspensions  (see  above)*  For  the  sera  a series  of  5 successive  doubling 
dilutions  was  made  in  a given  diluent,  starting  with  It  10  dilution*  In 
those  instances  where  marked  agglutination  occurred  in  the  highest  suoh 
serum  dilution  (It  160),  the  test  was  repeated  *}>ri.th  dilutions  of  serum 
as  followss  It  100,  It  200,  It  400,  It  600* 

C*  Results  of  Agglutination  Tests 

The  first  series  of  comparative  tests  was  begun  on  Feb*  10,  1953  and 
was  oarried  out  with  sera  diluted  in  0*01  M phosphate-buffered  saline 
pH  7*2  - 7*4*  The  results  are  sumnarized  in  Table  II  but  certain  points 
seem  worthy  of  brief  mention  here*  Considering  first  the  behavior  of 
the  respective  antiserat 

a)  Of  the  5 antisera  prepared  with  as  many  different  strains  of  R*  asteroidea . 
one  (#208 ) seemed  to  be  essentially  devoid  of  agglutinating  antibody  and 
this  antiserum  had  resulted  from  injections  of  N*  asteroides  0*S*N*  302 
whioh  appeared  to  be  agglutinated  non-specifically  by  all  the  sera 
against  which  it  was  tested*  It  is  possible  that,  as  with  certain  strains 
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of  other  microbes,  N.  asteroides  O.S.N.  302  may  have  been  anoigenioally 
degraded  and  lacking  in  type-specifio  surface  component  a which  would 
otherwise  have  rendered  it  stable  in  the  presence  of  normal  serum*  Two 
anti-N*  asteroides  sera  (202  and  246)  seemed  to  be  relatively  specific, 
in  that  the  post-immunization  specimens  agglutinated  some  but  not  all 
other  N*  asteroides  strains  tested  said  they  did  not  agglutinate  many 
other  species  of  Nooardia  nor  the  Mycobacteria  and  Streptoayces  strains 
tested*  Two  other  anti-N*  asteroides  sera  (237  and  251)  appeared  to  be 
less  speoifio  and  more  broadly  reaotive  in  their  behavior  when  set  up 
against  various  Nooardia,  Mycobaoteria  and  Streptomyces  antigens* 
b)  The  anti-N*  globerula  and  anti-N.  intracel lul ar i s sera  appeared  to  be 
relatively  specific  and  potent  against  their  respective  homologous  organ- 
isms but  showed  little  or  no  evidence  of  increased  titer  of  the  post- 
immunization  specimens  when  tested  against  heterologous  species* 
o)  The  anti-N*  meadoana  serum  appeared  to  react  with  nearly  all  N*  asteroides 
strains  tested;  it  also  agglutinated  some,  but  not  all,  other  Nooardia 
species*  It  agglutinated  2 of  3 Streptoayces  species,  but  not  the  2 Myco- 
bacterium species  tested* 

d)  The  anti-M.  phlei  serum  showed  low-titered  oross-reaotions  with  various 
Nooardia  strains  but  a significantly  higher  titer  with  the  homologous 
antigen*  It  was  noteworthy  that  this  antiserum  showed  only  low-titered 
reaction  versus  M*  amegmatis  and  insignificant  reactivity  with  Streptomyces 
antigens* 

Examination  of  the  behavior  of  the  various  antigens  led  to  the  fol- 
lowing tentative  conclusions* 
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a)  N*  asteroides  O.S*N.  302  and  N.  oavlae  O.S*N*  315  appeared  to  be 
spontaneously  agglutinable. 

b)  The  other  4 N.  asteroldes  strain!  appeared  to  be  antigsnioally  hetero- 
geneous, sines  some  of  them  were  not  agglutinated  by  antisera  whioh  proved 
capable  of  agglutinating  other  strains.  Antigens  from  N.  asteroides 
strains  O.S.N.  304,  306,  and  308  were  agglutinated  by  pre-immunization 
serum  speoimens  from  one  or  more  animals.  None  of  the  N.  asteroides 
strains  were  agglutinated  by  the  anti-N.  globerula  or  anti«N«  intracellu- 
laris  sera,  while  they  were  all  agglutinated  by  the  anti-N.  mexioana  serum 
and  to  a lesser  degree  also  by  the  anti«*M*  phlei  serum* 

o)  N*  blaoltwellii  and  N.  farcinica  showed  a similar  pattern  of  behavior, 
differing  ohiefly  in  the  reactivity  with  anti-N.  mexioana  serum  exhibited 
by  the  former* 

d)  N.  intracellulari s appeared  to  be  only  slightly  affected  by  antisera 
prepared  against  heterologous  species. 

e)  N.  minima,  N.  opaoa,  N.  paraffines,  N.  polyohromogenes , N.  rangoonensia 
showed  only  moderate  degrees  of  cross  reactivity  with  heterologous  antisera* 

f)  N.  leishmanii  showed  oross  reaotions  with  oertain  anti-N*  asteroides 
antisera  as  well  as  with  anti-N.  mexioana  and  anti-M.  phlei  serum. 

g)  The  N.  madurae  antigen  was  agglutinated  by  pre-immunization  bleedings 
of  3 anti-N.  asteroides  sera  as  well  as  the  control  specimens  of 

the  anti -41.  phlei  and  anti-N.  mexioana  sera.  It  was  not  agglutinated  by 
single  antiserum  vs*  N.  asteroides,  N*  globerula  or  N.  intraoellulari s* 

h)  The  N*  mexioana  antigens  showed  acme  oross  reactions  with  anti-N. 
asteroides  sera  but  produoed  higher  titers  with  antiserum  to  the  homologous 


specie s* 
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i)  The  M.  phlei  antigen  appeared  to  be  little  af footed  by  other  than 
homologous  antiserum;  the  anti-M.  phlei  serum  did  not  however  agglutinate 

M.  smegma tl s to  a corresponding  degree. 

j)  The  Streptomyoes  antigens  were  only  agglutinated  by  one  or  two  anti- 

N.  ast oroides  antisera  and  by  anti-N.  mexioana  serum. 

During  the  oourse  of  performing  the  tests  in  the  first  series,  it. 
was  noted  that  a considerable  degree  of  agglutination  ooourred  in  pre- 
immunisation  (control)  sera,  particularly  "when  N.  asteroides  strains  O.S.N. 
308  and  312  were  used.  In  an  effort  to  eliminate  such  behavior,  these 
strains  were  tested  against  sera  diluted  with  4 per  oent  bovine  albumin 
solution  in  buffered  saline  pH  6.8  and  it  was  observed  -that  the  use  of 
this  diluent  eliminated  most  of  the  agglutination  produced  by  the  oontrol 
sera  without  any  appreciable  ohange  in  the  titer  of  the  post-immunization 
sera.  It  was  therefore  deoided  to  carry  out  a second  series  of  tests 
using  the  bovine  albumin  solution  in  buffered  saline  as  a diluent. 

In  May,  1953  the  second  series  of  tests  was  undertaken,  in  which 
the  only  modification  in  procedure  was  the  substitution  of  the  albumin 
solution  for  the  original  diluent.  Results  are  shown  in  Table  III.  For 
some  of  the  strains  sera  were  available  from  both  rabbits  of  a pair  which 
had  received  injections  of  a given  antigen.  In  certain  instances  the 
reactivity  of  both  suoh  sera  showed  a fairly  good  degree  of  correspondence; 
when  this  was  the  ease  the  results  for  the  two  antisera  have  been  recorded 
on  a single  line,  but  where  the  reactivity  differed  significantly,  the 
behavior  of  each  serum  is  recorded  separately.  It  should  be  stated  also 
that  no  evidence  of  a reaotion  with  any  antigen  was  obtained  in  trials 
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. rangoonensia  323 


with  antisera  prepared  against  tbs  or N.  asteroides 

0,S.N*  314,  N.  ffldm*  O.S.IT.  30?/,  'v#  0,3. Ef*  3&V.N#  ouniculi  O.S.N. 

,m*  -.111.  > ■■  — 

325.  These  tests  are  therefore  ' i0iu<isii  ^ the  taUa;i  likewise  the 
tests  with  antigen  of  N.  oaviao  O.S,»  «ng  v*ich  appeared  to  be  ms- 
specifically  agglutinated  by  sii  :;arfe. 

In  surveying  the  results  thum  in  Tabla  111 , the  following  points 


appear  to  be  worthy  of  mentions 

a)  The  anti-N»  asteroides  sera  varied  in  thsir  ability  to  react  with 
individual  strains  of  this  organism.  The  antisera  to  N.  asteroides 
strains  O.S.N.  310  and  312,  for  example,  appeared  to  be  relatively  sped** 
fio  for  the  homologous  organisms  and  showed  no  cross-re  notions  with  other 
strains  of  this  species.  The  antisera  to  strains  O.S.N.  304,  306,  316, 
and  318  appeared  more  broedly  reactive,  while  the  low- titers  obtained 
with  antisera  to  strains  O.S.N.  302  and  320  suggested  that  the  suspensions 
used  for  inoculation  of  rabbits  had  been  poorly  antigenic.  Vfcere  a given 
antiserum  reacted  with  several  strains  of  N*  asteroides,  however,  differ- 
ences in  titer  were  noted  suggesting  antigenic  heterogeneity  among  the 
strains  of  this  organism 

b)  The  anti -N>  asceroides  sera  showed  little  evidence  of  cross-reaction 
with  N.  f aroint  on,  N.  intracellularis,  N.  leishmanii,  N.  madurae,  N. 
neatlcana,  W*  minima,  N.  rangoonensis;  or  the  mycobaoterial  and  strepto- 
nycetal  antigens  tested.  Cross -re actions  in  two  or  more  anti-N.  asteroides 
were  obtained  with  N.  blackwellii , N.  oorallina,  N.  cunioull,  N.  globerula, 
N.  paraffinae  and  N.  polychromogenes. 

o)  One  of  the  aoki-N.  mexi cane  sera  appeared  to  be  relatively  specific; 


■» 


the  other  antisera  appeared  more  broadly  reactive,  although  the  highest 
titers  for  the  anti -N.  maxicana  O.S.N.  522  sera  were  obtained  with  the 
homologous  organism.  The  data  suggested  that  strains  O.S.N.  322  and  324 
might  be  antigenioally  distinguishable#  P er vviay.ioa^c.  reactions  of 

the  respective  homologous  antigens  w3  th  v 526  serum 


th  ^ &okwol.  li.3.  '..'“'rv-'i  . %o  ^ ^ ^ 

degree  then  ime  obtained  with  :meroXogou«  arff&niflu* 
d)  The  entiaere  of  TIU  ^lob^.  31?  appeared  to  be  relatively 

^ speoifio,  yielding  higye^f titars  homologous  antigen;  the  atgni- 

fioant  cross-reactions  appeared  to  be  lVv‘U»<5  to  N«  coralline  and  esse  or 


more  strains  of  N.  asteroides. 


\ 


*v 

e)  The  anti-N.  rangoonensis  O.S.N.  323  serum  Reared,  to  be  quite  vperJifio 

for  its  homologous  antigen.  \ 

\ 

f)  Antigens  of  the  following  strains  were  not  agglu^ncted  to  significant 
titer  by  any  of  the  heterologous  antisera  tested*  fc«  ;■  s,rc.i-'d s*  *•.£.»;.'*  332, 
N#  intraoellularis  O.S.N.  330,  N.  madurae  O.S»N.  337  , S,  raiaL^jO.S- r-  303, 
M.  smegaatis  O.S.N.  270,  S.  griseus  O.S.N.  101,  S.  yamaufcfo  0; 3.i!»  105, 

After  many  strains  had  been  tested  in  the  system  mr.loyi bovine 
albumin  solution,  it  appeared  that  the  agglutinability  of  some  antigens 
was  being  adversely  affected  in  the  presenoe  of  this  dilu*nt^  For  example. 


anti-N.  madurae  O.S.N.  333  serum  diluted  in  bovine  albumin  solution  did 
not  agglutinate  the  homologous  antigen  even  at  a titer  of  1*10,  whereas 
the  preliminary  cheok  of  serum  titer  performed  shortly  after  the  time  of 
bleeding  had  given  a value  of  1*160.  n.  madurae  0»S»K.  333  antigen  was 
therefore  tested  against  aliquots  of  the  homologous  antiserum  diluted 
1*20  and  1*40  with  4.0,  2*0,  1*0,  0,2  and  0.1  per  cent  solutions  of 


bovine  albumin  respectively.  No  agglutination  was  seen  in  antiserum 
diluted  with  saline  containing  bovine  albumin  at  concentrations  of  1.0 
per  oent  or  greater.  In  0,2  per  oent  albumin  solution  good  agglutination 
was  obtained  and  the  reaction  was  much  more  marked  in  the  0.1  per  cent 
solution*  The  antigen  was  then  re-checked  against  antiserum  diluted  It  10 
through  It  160  solely  in  buffered  saline;  definite  agglutination  was  seen 
even  in  the  highest  dilution,  as  had  been  the  oase  originally.  It  was 
ooncluded  that  the  presence  of  excessive  bovine  albumin  inhibited  agglu- 
tination of  sons  of  the  antigens  and  further  tests  using  this  reagent 
were  discontinued. 

On  October  15,  1953  a third  series  f tests  was  begun,  using  0.01 
molar  phosphate  buffered  saline  as  seru&  diluent.  The  results  in  general 
were  similar  to  those  obtained  in  the  earlier  series  although  some  dif- 
ferences were  observed.  It  was  noted,  however,  that  many  of  the  antisera 
which  had  exhibited  satisfactory  titers  versus  the  homologous  organisms 
when  tested  shortly  after  bleeding  or  in  the  first  series  now  failed  to 
show  agglutination  even  in  the  1:10  dilution.  It  was  ooncluded  tenta- 
tively that  some  of  the  antibodies  might  be  labile  on  storing  or  that 
glyoerin  might  not  be  a satisfactory  preservative.  The  latter  conclusion 
was  reinforoed  by  the  observation  that  many  of  the  antisera  had  developed 
cloudiness  and  at  least  three  had  beoome  contaminated.  At  this  point 
the  project  was  terminated. 

III.  SUMMARY 


1.  Cultural  Studies 


A oolleotion  of  previously  identified  Nocardia  strains  was  secured 


^^^^^^^^•havxor  wgs-fch er  with  that  ©f 
and  tested  to  compare  the  ir 

a few  saprophytic  mycobacterial  strains*  Most  oftn^^HWifclBii^jJ||^^ 
aooording  to  the  descriptions  given  for  them  in  the  literature,  although 
some  divergences  wore  ob*ervod« 

The  property  of  producing  grossly  visible  aerial  uycelium(on  the 
surface  of  solid  media)  was  found  to  be  relatively  easily  and  regularly 
demonstrable  with  some  Nooardia  strains  while  with  others  it  was  looking 
or  demonstrable  only  on  certain  media* 

The  production  of  branched,  aerial  hyphae  visible  on  microscopic 
examination  of  slide  cultures  vrae  demonstrable  for  the  majority  of 
Nocardia  strains,  but  was  lack:;. rig  for  certain  Nooardia  and  ail  of  the 
saprophytic  Mycobacteria  tested*  Only  a few  strains  of  Nooardia  (notably 
N*  oaviae,  K*  leishmanii,  N*  ir-adurae,  N»  pelletieri,  N*  raagoonensi#) 

m—  ******  i mm*  w «p  Ammrnmmtmmmmmmmmmmm  «■**  % wm  > »■  ■ ■ ^ h 

failed  to  show  marked  fragment ration  of  the  hyphae*  Moat  strains 


Nooardia  exhibited  submerged  growth  of  mycelium  i i* 
while  the  Mycobacteria  tested  did  not* 


guiturdf 


Pigment  production  and  the  oonsistscoy  uf 


jwtb  were  variable 


oharaoteristioe* 

Aoid-fastuo m was  variable  and  when  h /jnstr^ble  was  mueh  lesi  pr 
nounoed  for  Nooardia  than  for  Mycobacter.**  ~:l  ^•6r®*  ^ tra®  dependent 
largely  on  the  medium  used  for  cultiir.  die*  of  -train  •xwnin®d  *“d 
aleo  on  the  method  of  attempted  jlf.risation# 

The  majority  of  Nocardia  an?  ih®  saprophytio  Mycobacteria  wero 
oapable  of  growing  at  42#C,  but  n aly  a few  of  the  former  grew  at  52  C. 

Most  strains  of  Nooardia  ■<:  * capable  of  paraffin  for 

m i i 

growth,  as  were  the  saprophyte  - vvcobaoteria*  N.  oorallina,  N.  fai-cinica. 


■33 


jg,  ^aragaey^QatB  and  H,  pelletieri  appeared  unable  to  utilise  paraffin* 
Diaatatio  aotivity  and  aitrato  reduction  war©  variable  among  the 
strain©  examined* 

gelatin  liquef notion  was  observed  for  oert&in  of  the  strains  ieo- 

\rpm  man  or  animals  (eome  K*  asteroids s strains,  also  ]!«  oaviae , 

V - ~ 

letf.-c  lelshmaali,  H*  madurae , II.  msxicana,  fl»  paragucyensis, 

N.  faroinijsaT^  dome,  but  not  all,  of  the  strains  capable  of  lique«. 

N.  raagoor,.  (iik0oopabla  of  peptoctsing  milk,  but  the  majority  of 
-/-*•<  ;^id  the  Myoobaoterf.  ^id  aot  acidify  or  peptoniee  milk. 

Of  these  strains  wMoh  exr^cd  proteolytic  activity,  all  but  H. 
asteroid©  s,  N*  mexioana  and  £»  ranyg^^S^fl  •hewed  aottyi  ty 

against  sheep  erythrooytes, 

2*  Serologic  Studies 

Methods  were  developed  for  performing  mswtw  «5lKu,»  agglutina- 
tion tests  using  suspensions  of  the  respeotivs  aa<?sv;!iea 
obtained  by  repeatedly  injeoting  rabbits  with  antigens  prepared  ^T0®  0tt^* 
tures  grown  on  a semi -synthetic  medium.  In  one  series  of  tests,  buffer^ 
saline  was  used  as  diluent  for  the  antiserum)  in  a second  series,  4 per  ^ 
oent  solution  of  buvine  albumin  in  buffered  saline  was  used  as  the 
diluent*  It  appeared  from  subsequent  work  that  the  bovine  albumin  diluent, 
while  reducing  the  tendency  of  Hooardia  suspensions  to  agglutinate  in 
pre-immunisation  sera,  also  interfered  to  some  extent  with  the  reaetions 
in  post-immunisation  specimens*  nevertheless,  the  following  tentative 
oonolusions  seen  warranted  from  the  combined  data© 


X 


a)  Some  strains  of  N*  asteroidea  evoked  the  formation  of  antibodies 


oro as -reacting  with  other  strains  of  this  species  as  well  as  with  other 
Nocardia* 

b)  Some  strains  of  N.  a at  oroides  appeared  to  evoke  the  produotion  of 
relatively  specif io  antisera  vhioh  showed  little  tendency  to  reaot  with 
heterologous  antigens* 


o>  Antisera  produced,  h/  in^eotiono  of  N*  globerula,  N*  intracellular! s and 
H*  rangoonensis  appeared  to  be  relatively  speoifio  for  the  homologous 
organisms* 


d)  Certain  I*  moxioata  strains  employed  evoked  in  some  rabbits  antibodies 
nhidh  reacted  broadly  with,  a wide  variety  of  other  Nooardia  including 
!•  ast oroides,  while  ether  antisera  vwe  more  narrowly  speoifio*  There 
mas  limited  evilenoe  of  a degree  of  antigenic  specificity  among  the  N. 
nvccioam  strains* 

•)  There  was  relatively  i \ tt  It  oro«s-reaotivity  exhibited  by  the  various  anti 
loaardia  sera  when  tested  against  M*  phloi , M.  amegmatis  or  throe  Strepto- 
nroes  strains* 


f)  The  anti-M*  phlei  serum  showed  a relatively  high  homologous  titer  but 
alee  gave  oross-roaotions  in,  low  titer  with  nagy  strain#  of  Nooardia* 


:y«  oouctussw 


^ . 
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The  applioat4^  to  a collection  identified 


Hooardia  speoies  end  rh-  w Wivi  to>  a Zw  strains  of  Streptonyooa 
end  Myoobaoteria,  has  ; ev  ^ further  evidence  of  the  value  of  such  pro- 
cedures for  the  inveouge  , ,n  of  r5iationships  among  the  poorly-studied 
aerobic  actinomyesic-.s 
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Considerable  profit  oan  be  expected  from  further  •woric  along  the 
lines  which  have  thus  far  been  explored,  using  methods  similar  to  (or 
modified  from)  those  developed  in  this  investigation. 
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